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SPECIFICATION ¥FCR REPOITS ON EVALUATION OF
NEUTRON CROSS-SECTION DATA 1IN THE ESSONARGE REGION

Jdeally the 2im of an evaluaztion should be rather ambitious; to
combine theory and experimental data so as to be able to answer all
reasonable guestions on the neuiron cross—sections of the material in the
resonance region, whether experimental data are available or not, to
whatever accuracy is available. In Section 2 below are listed a fairly
comprehensive set of the topics which might be discussed in reporting an
evaluation. ' '

For practical reasons it is often not worth while to explore every
one of these topics in detail, because time may not permit an exhaustive
study or becauvse it may be known that betier experimental data will soon
be available. The evaluator is expected to exercise good judgemeni on
this matter, and should therefore use the following list with discretion.

Items which might be discussed in an ideal evaluation report:
(1) Isotopic composition of the material studied.

(ii) Exact mass of atom or molecule of the material studied. For

*  an element with more than one isotope give the average atomic

mass; it may also be useful to give the masses of the
individual isotopes.

(4i1) Half-1ife and mode of decay of a radioactive nuclide (but
not necessarily a detailed decay scheme).

(iv) What neutron induced reazctions are energetically possible
in the energy range studied? (include Q values and threshcld-
energies). )

(v) If (n,n') is possible what-excited states of the target
nuclides will be formed, and what spin and parity values are
involved? Can these be excited with s~wave neutrons
incident and emergent? :

(vi) Reasons if any why some of the possible neutron reaction
cross—-sections may be ignored. For example if the - (n, o)
reaction is energetically possible its cross-section may be
negligible on account of the Coulomb barrier. Ideally the
penetration factor should be given for the energy range
studied (or for the maximum of the energy range) and an
estimate of the order of magnitude of the cross—secticn.

(vii) Turning to the non-negligible neutron reactions, what
experimental data are available for the cross-section,
angular distributions and secondary neutron spectra? (include
v, @, and 1 for fissile materials).

(viii) Discuss the derived resonance parameters. Note the
resonance theory used and the method of analysis; and other
assumptions or approximations. Try to find out if any of
the experimenters ignored the factor (A+4)2 /A2 (see
Appendix A4).



(ix) Are thers shoricomings i “%2 methods of measurement or
discrepancies in the datzx

(x) Are the discrepancies adequately explained or explainzble?

(i) Are the data consistent with theoretical expectations?
(e.g. does Oyn (6 = 0) satisfy Wick's limit? do the
resonance partial widths obey the Lane-Thomas-Wigner sum.

rule? see Appendices A ani B).

(xii Tabulate preferred values for the cross-sections and/or the
resonance parameters. If the cross—sections are to be
calculated from the resonance parzmeters by the use of a
computer prograomme it is essential to give values for all
relevant pazrameters even if some have to be estimated or
simply guessed; (i.e. Ty, nuclear radii, and compound
nucleus spin and parity‘values). In using the recommendsd
resonance parzmeters should one explicitly include the factor
(4+1)2 /A2 or should it be ignored? (see Appendix A).

(xiii) Are the resonance paremeters consistent with directly

measured resonance integrals (if any)? In the case of
capture and fission cross—sections integral comparisons are
useful between the cross-section derived from resonance
paremeters and the differential cross-section directly
measured with thin samples at a neutron spectrometer. Partial
resonance integrals may be calculated over comparatively
narrow energy intervals arbitrarily chosen. Comparisons may
2lso be made with resonance integrals determined from integral

" measurements: allowance should be made for contributions due
to unresolved resonances (1 =0, 1, 2).

(xiv Are the resonance parameters consistent with the known
thermal capture and fission cross-sections and the free atom
scattering cross-section? Vhat can be said about the top
negative energy resonance? Allowance should be made for the
expected contributions of distant resonances at positive and
negative energies.

(xv) At what energies are resonances beginning to be lost for lack
of resolution?

(xvi) How should the cross-sections be determined in this region?

(xvii) What resonarse statistics are available for the unresolved
resonance region? Strength functions and mean resonance
spacing for given J and m. (If possible give strength functions
for s, p, and 4 waves, or glve some kind of rough theoretical
estimate if reliable data are not availeble).
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(xv How does the observed mean spacing of resonances of given

J and = compare with theoretical expectations?

(xix) It could be of interest to illustrate the relative contri-
butions of s, p, and 4 wave excitations to the mean cross-

section; say to EEKE).



(i)

(3xii)

(aoriii)

(xxiv)

Try to assign realistic uncertainties (standard error) to the
preferred values of cross—seciions, resonance parameters,
etc. taking into account what the experimenters.claimed and
the actual discrepancies between different measurements. The
idea should be to serve the users' interests ~ not to pre-
serve unrealised or unrealistic claims of the experimenters.

(It is usuzlly much more difficult to assess the
uncervainties reliably than to select preferred values; on
the other hand it may not merit very much time and effort).

What further experiments are needed, to resolve discrepancies,
to improve accuracy if this is particularly low in any area,
and to fill gaps in the experimental information?

Are there any problems which have been inadequately studied
in this evaluation, for lack of time, or any new data since
the tabulation was completed?

Conmparisons should be made with any other evaluations for the
same material. In what ways is this new evaluation better
than the older ones? ~

Finally, an essentizl but obvious item, references should be

given to all experimental and theoretical. data which hcove
been considered, or to some acceptable earlier review.

J. S. Story

1st December, 198,.
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The factor %? relates to the motion in the centre-of-mess reference system.
t is proportionzl to

where E is the neutron energy in the laboratory co-ordinate system and A is the
atomic mass of the target atom in units of the neutron mass.

Experimenters of'ten ignore this factor (A + 1)2/A2 vhen deriving resonance
parameters from their data.

When the spin state of the resonant state is unknown it is frequently
assumed that g = & when the neutron width is being evaluated. Then values
given for Iy or Tp° may be more strictly the values of 2gTp or 2gT O, This
convention is used in BNL 325 (1958 and 1960) when J is unknowm.

The energies and widths appearing in the final factor in (1) . above are
commonly represented in the lcboratory frame of reference. The reduced width
¥2 appearing in theoretical arguments is referred to the centre of mass frame.
It is related to the cxperimental partial width T by

2 A
2P ¥y~ = vy r..

However, so far as the neutron width for the incident neutron is concerned note
that the penetration factor P is given by

A Nf22E
= on

A+

where m is the neutron mass, and vy = 1, vy = x?/(1 + xz), ete:
X = kR is evaluated in the centre of mass aMe «

Lane, Thomas & Wigner, Phys. Rev. 98, 693 (1955) give the following
approximate sum~rule for the partial widths

2
2 A
Lo () o B
o M (R )2
[o] o]

where My is the reduced mass in chamnel ¢ and R, is the effective radius. The
summation extends over all levels X excited in channel ¢ within an energy
interval comparable with the width of the single-particle giant resonances. In
practice it 1s probably most convenient to regard the righi-hand-side as a
rough upper limit for a more restricted sum: for example the sum might be

restricted to-a single term, or it might be extended over all the resolved
resonances excited in channel c. ' ' '



APPENDIX B

Wick's inequality gives a theoreticel lower limit to the differential
elastic scattering cross-section at zero scattering angle ‘

- N 2
a O'nn(e) N <k ch)
aa 6=0 L

where k is the wave number of the incident neutron in the centre of mass frame.
Writing

+1
a O'nn(e)

—aa = T - p(cos 0) /2w / p(cos @) dcos 4
-1

where the first factor on the right is the integrated elastic scattering cross=
section, Wick's inequality implies that -

_p@os 0 = +1)

+4
{ , p(cos B) dcos g

2
> (0.19202 + 0.000028) <—A'%1- E 0'T2/0'nn

with E in MeV, and the cross-sections in barns.





